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(54) SEMICONDUCTOR LASER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser using nitride based lll-V compound semiconductor 
which can easily realize decrease of a driving voltage, 
stabilization in transverse mode, increase of a 
divergence angle of beams in the horizontal direction of 
a far field pattern, prevention of deterioration of 
laser characteristic which is to be caused by 
irregularity of the form of a resonator end surface, and 
improvement of noise characteristic. 

SOLUTION: In a GaN based semiconductor laser of a 
refractive index waveguide type in which Si02 current 
constriction layers 11 absorbing no lights from a GalnN 
active layer 5 are formed on both sides of a ridge part 
g composed of an upper layer of a P-type AIGaN clad 
layer 7 and a P-type GaN contact layer 8, tapered 
regions 9a whose width decreases from the central part 
of the resonator lengthwise direction toward both ends 
of the resonator lengthwise direction are formed in both 
end parts of the ridge 9 in the resonator lengthwise 
direction. The central part of the ridge 9 in the 
resonator lengthwise direction is made a straight region 
9b halving a constant width. The width W1 of both ends 
of the ridge 9 in the resonator lengthwise direction is 



made at most 3 ^m. The width W2 of the central part of 
the ridge 9 in the resonator lengthwise direction is 
made at least 4 p,m. 
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imm] mmwjzni&m. m*- m&mt, raw 

®&<nfa±&®M,\zmm-rzzLt(o-e%z3tikQt>3ik i i 
I -Vj&t-&fe*»#£ffl^fciN»fli:t — ■ 

plAlGaN^7yK!7 <^±J1SB, 
plGa N^V*^ hB8^e>^5y -y v'SC 9 (DffiW 
IC, Gain NSttJI bt^h<D^tR\^ L&l^ S i O2 

««f£8«5s«B 1 1 imtt L>ix1tmVi*m&M<nG a N3*¥- 
Wflsu— tfK*sv>x. y y5?»9«)*fi»ft^lSj«)H*B 

5, y s'^SP9W*SSSfi^|6j«5^*a5«:i|6iis— jg^^ 
H/-hi«t9btt5„ y y^S15 9cD*«g§gSSTS]i75 
ffiSgffi^ottSffiWi Sr 3 m£XT, y 9 



A 

n 




1 

±!BSS 2^77 KJifcBtt* £*lfc y s> ^*Opqfl!l<&fflS 

1 1 -vm^^^mw^m^t^mw^-^^ 

[ff*S2] Jitsy jyi^fl$0±ia*IR»ft*lRj^1 1 * 

4: *W» fc *T 5 1 mm<D*m#: -J 1 , 

[ft*® 3] ±IBy yi^BOilB****^^** 

»^*5Jt-5«^4 MmKitk^ ±iayjy^«5^±E 
[0 0 0 1] 
[0 0 0 2] 

GaNfcft*£iT,3aft<fc»I II-V 

[0 0 0 3] 0 4^0511 C^r*^HmSttT 
Japanese Journal of Physics Letters vol.36 p. L156 

8) o c^r\ m4mAum, m5ft¥ftmx&>z>o - 
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[0 0 0 4] H4*3J:^H5^i-«t5^ C^*^) 

(Ah 03 ) 3£ftt 10 1 Al\Z.71s K — y^<DG a N'* 5/ 
77il0 2^LT, nlGaN^y^^ hill 0 
3, niAl GaN^7^Kll04, Ga I n NStt 
J1105. plAlGaN^rti//1106, pSJA 1 
GaN^7y KB 1 0 7*3£XfpmG aN^l/?? h/f 

1 0 8&m»immtstix^z> o 

[0 0 0 5] plAl GaN^7y KIl 0 70±|Si 
70 *3j:tf pSGa N=x^^^ KJBl 0 8f4, — ^iRjUUg^E 
1 5^ h I/- M h 7 7"I(D y 5/ «F 
f 10911 rilf)^plAlGaN^7^Kil 07 

<^±iia5^j:t/p^G a N^y^^ hiio 8\z.x ym 
^s^yyv^ffl^to w^y $/v?a$i o 9f**s» 

9<^iH (y *S*«£t>i^3) Wte, y s^SBl0 9tf>J6 

[0 0 0 6] nlA 1 GaN^yy KiB 10 4. Ga I 
nN?£t£jIl0 5, piAlGaN^ty^ll06^ 
20 J:t5pSA 1 G a 7 7 KI.l 0 7 (^TiS^ — * 
|Bj^Jg«E-rSBf^^^«^*#i-So «F*1 1 Of*. 

[0 0 0 7] y 0 9 0W«OSB^fi. G a I 

nNOTl 0 5^P>^*:8«14^S i O2 m*#e 

^11 1 lavsastu -tti- j: o xntmrnmrntm 

fg.£tlX^Z> 0 Z<DS i 02 «SE«V»l 1 if*. «K 
30 ftbtiX^Z. £fc. 5 icy yi^SBl 0 9<£>M{BI 

icsio 2 mmmmmi 1 i^ns^r^i:j:o 

■C. y 0 9^#iSr««»^JB»f*dSil5<. -t 

t mtttfa\z.ft r> h fix ^ -5o 

[00 0 8] pMGaNny^^hfl08ioj;^Si 
O2 WflHfe^Jll 1 l±(-f*> Ni/Pt/AuSft^) 

«£ 5 ft p m«s 1 1 2 j&sRt* ^>^, jv&i 10 \cmm 

f5nlGaN3y^^hBl0 3llI(t T i /A 1 
m^J: 5ftniil@^l 1 3a*Nff 5>;h/C^5 0 
^0 [0 0 0 9] ^^c. Z<DQ£$:<DGa N^^#^U— 

W*«»flBffitt, t7r>frm[l0lSrt©±©i/- 
G a N^^**ii *^*BB 

*fleu-1f-ef±, 1f«SMr**i-6G a N3R¥*# 
JBSrSlStt^^-^y^^^ (R I E) Siat)xo,f 

50 jsfe{cj:9^jx^v^-r6cfc^a)Bi-e*)Sfe«). 



3 

mm** h ta*f s tiz if yt<o— y r >r rstg^ 
gE-csWL, atnvffe (ffp) \zL&ti&4i&z 0 * 

[0 0 10] J:^J:5^$ilfc^GaN^ 
[0 0 11] 

[0 0 12] -t-ftfe^ B4:fcJ:tfB5l;i^i^*£>G 

-m. y y^mw^m< pMGaN^^^^ 

hill o 8 t vMmMi 12^3^^ hffiflW s «4> 

fcfc. BB»«E*s_b#-r-6« £fc. Gain 
NSSttil 0 5^*3*t53pJ»««0«^*^U 

[0 0 13] ^<D£ b «£OGaN^f#I/-f 

WSr3/imJ:5*>*9afe<i-Sii:*-e#-f, 

o?t Q tK¥«i^- Kfwis^^^e- Ka*»£-rs t, mm 

-1?**>tHIM** HUWWWWfcU i/-f«tfiHft 

[0 0 14] GaN^#l/7fi:«7^^ 
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5AlGaAs **»#:^-1?^A 1 G a I n P**» 
***S*t4. ^COfc*> GaN^lftU-tW 

£ 0 r. e> t N y y 3 m mttt^t 

'So 

[0 0 15] £<blC N ^^*OGaN^i»:i/-f 
[0 0 16] i"ft*?t>, H4 43j:t/H5^-r«e5fe^G 

aNi¥i#u-fxit *©ttfp*icsEAap-+yrte 

**tofc-*-*fc»lctt. y *iWt-<D*8bJH*rsM£A 
n&; ^y^^C J: SJB*r*offiT» (2xio- 3 

[0 0 17] H4*5J:t^Bl5i^-rt 

•To B6fc*5frvc. ««ifiy y^rt^o|?aH»f*MA 
GaN(7)lJr*n = 2. 5 0 4. SlA=4 0 0nm(D 

ffiT»«r#«Ufci:#«)«ftJffl*r*SlAn^TI» (An 
30 =2X1 0- 3 ) Sr^r-To C^G a N^^#u—1r-*£g 

y y^rt^HJai»*iA n*5J:tfy yiWW&Afll 

a, ^ b ^ i ^ttr-H ^ n/c® « (Be*, j&j§§£ 

[0 0 18] ^/c. ^^T-fTStR±ICfm$^5Ga 

^0 *^fc«)t^ Ga AsSffiO^^^^BB^S^StRi 
C«^n5i^iS^^i*^f\ G 
a A s »KSrfflt^A 1 G a A s *#»*^—« f -< , A 1 
Ga I nP»*»#i/-f^J:5l:s ««»**flXicj: 

5 |C«-r«*OG a N**W#l'-lP&m*-C 
tt, Mt5 2o^WI^, y 5/ v?as 1 0 9 <DM 
S^Tffi) U o T^S^**f^ li» Ltll ^ * h * ^ 

so 36<D*Ht«<. H 7 ^«i-*SWBB<0 
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[0019] #fi»B8ffitf>ffl£ tt. _bifi<7> J: 5 f 

B8*5j:tfBl9fc*3^T* ftS»Afiy s/^(6 
W=4/iint L-fcWrS. B%RB fi y y v?«W= 3 /x in £ 

«Sr^i-. H8*3J:t5H9J;5, *S»»ffi<o« 
[0 0 2 0] rSLfcStfM*. — />1©BS:JW 

[0 0 2 1] B8*5j:tfH9j&»&tt. yy^B 

W^4 /im-»3 /im->2 /zm£&SB!C/h£ < ft£l£f£o 

[0 0 2 2] «*©GaN**»#l/-fm 

[0 0 2 3] U*»U*36S6. i"CU:3oV<fcJ: 5 «^ 
»Mi-5«jfli**6 y y^«W©TB8tt3 /tmSttlcffiRR 

[0 0 2 4] t^ot v coSW^Iftlt IEft«JE 
[00 2 5] • 
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ft v vHlsto* fe ft « ffiffi*^Jf WRIt 6 *x fcm«E**«5t 
tr3rr««ft*5Rl I I -V*fl2*«*#»**«v^fc* 

[0 0 2 6] ^<7>»W^*5l/^-C. &fUM53 I I I — Vfls 
ft-fi**»#ttGa. A 1 x In, B*3j;tfT 1 ^bft 

6»±9«»Lfc^ft< £t>l«3Scoi I l^5t;m<b, 
*J>ft< tfcNSrg-^ 8^:J;ot(j:$bl:As*fc|j: 

P «r*tf V^tcsS 4: ft S 0 

[0 0 2 7] w^iqiC^I/^T, «i«^JI<0*mfc L 

Tf4, MA.rf. ■Mts'y (s i oz .) , mtefy =» 

y (S i N) ftif<0BS«fr* A 1 G a N N G a I n N, 
20 G a Nftif^aSft** I I I -YSft^*^ Z n 

[0028] ^(0»wiJi*3^^"Ctt, mmwE<D±^^ 

m£JLbK:«*lx* y jy^«BO*iSa»S*lP)<Ofa5* 

[0 0 2 9] ±&<D£l[Z.mi&ZtltcZ<Dftmz£tl 

. .. iEU#Jt5:.^i<v at^e-KoSce-fbftBISC: 
■4.... fc36«^#,5..« ; e-T.h*<Oft»kfcoi>i-c«t,. y y-yao 
50 -.*«^*l«wW5HffiJwisitS«4: 2 M*m^TfwK^U 
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[0 0 3 0] Sfc, r^WKifttf, yy^ffl50*|g 

[0031] *fc, i:o»w^J:ttf*, y* 

»**|fi[|<Opf*Klc*3ltS«S:*< Lfc»g\ 
y^»O*K»«*fil<0HllBBfc*3»t5*B*:JI6E< 

[0 0 3 2] 

-To 

[0 0 3 3] ^^^Il^ffi^l^olNX 

[0 0 3 4] 0 1 *3«fcUt|2 2 l£^rr<fc ? M x Z.<D% 1 <D 

AlGaN^7yKl4, Ga I n NSttJi 5 , plA 
lGaN^t^7 P l6, pSAlGaN^7^Kl7^ 

nSA lGaN^^ KH4 *S Jltf pl!A lGaN^7 
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sy ks 7^a i mm±mx.&6~~8%mmxhy, Ga 

I n N?£f£JI 5 <D I nfijEfcttfllAff 1 5 %ggffc5 0 
:<OGa N^^*frU— 1f^|S3feififttt4 0 0 nmgS 
-C*>5o paAlGaN^t5/7 P l6(^AlE^ 
tt2.0%;gfirc-*>£o 

[0 0 3 5] p ® A 1 G a ^ jx Kl 7 W±i»*5'J: 
t/piGaN^y^^ hS8f±, — ^[^{Cj^^E-r^^- 
^ h9^^y y^ftftttS. «F-S-9«t. r 
tt^^pMA lGaN^7y Kl7^±ISi3j:(;pI 
iO GaN^** hJi8fc<fc0*jfc£*Lfcy 

[0 0 3 6] nlAlGaN^7j/KB4, GalnN 
?££fcJl5. p§A 1 G a N^rt^l6*3j:t;paA 1 
GaN^yj/ KB 7 tfTFSSRtex -^[pJ^ffi-TSFf^ 

(ot^wfctt-*** n-^i 0te^<Djy-&&7jk-t o ft 

[0 0 3 7] y yi^8B9^WflO(Oas^tt N G 
20 a I nNStte5^fe(03t*5R»RU^V^S i Oz 

^tttt>6o r<os io 2 nmmmmi mmmx 

r^6o £fc> ccoj; 5 icy *si/&9<DmW\^S i O2 
ftVttrtbttx^Zo ft:fc\ riwyy^ow 

y y$W^IB»JH*r*SA n 2 x l 

[0 0 3 8] P lGaN3^^hl8^i:r;Si02 

macst^a 1 1 -tMtt. n i/pt /a u 
^ <fc 5 ft p «o«ffi i 2 btu ^tsuio iw^-r 

SniGaN^y^^ hJf3±UlfcJ: x flitfT i /A 1 
««<^J: 5ftn«I«ffi 1 3^^(t^,tbT^5 0 
[0 0 3 9] ^Ac. w(OGaNl**#l/- i^COPT^S 

«nGaN^8ft:I«l:#BI (HiEl»BR) i"^>^ 
oatB-eR*tStt-5rt^ft<, Uc^oT, ^cois— 

[0040] ±&<D£5\zm&£ivftz<Dmi<vmm& 

ffilUSGa N****^— 1?X&, yy^^Ha 

JB*f*«An,. *rftt>*>,. y y^«9^*ti&r^SB»t . v ... 
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[004 1] £*Tlw, l^il^lMia^GaN 
[0 0 4 2] @ 1 *3 xxfm 2 l^-TJ: 5 1^ 

«9aS:ft5, ^<DV y^jSP9fl, 

[0 0 4 3] ra>y sfi^»9«j:*3if^T, #fi»fi:£ft<a 

PfiUMWcWt &*tfc 2 0<D7^-/N°-?gi$ 9 a 
lS*L^*SLi ^tt^o ^itfe^— ««9 a 

i 5(-. itll *IML (L=2Li +Lz % Lz 
li^M/-h««9bW*S) 0#<&l£JLh. -T* 
2 Li ^L/l 0^*6<t5f-»tftt^o 
[0 0 4 4] E12^i3t>T, Wi fiyy^6|59^ 

X% «Wi tt. *JB»fi*lRjOW*®J5i*3Jtsy 

(roic*»5y 2/^»9^js<Bw*«:»"r. r*L&*>y 

y y^«9o*fg^*r«]^^*»^*3*t5«W2 

Wi <w 2 <oH«S:S>ytUTV^o ^tb^toy 

yS^9^iM»»*W^M»B^*3*ta«Wi *5<fcTJ* 

y >>^9^^^^^^ c f :i ^{-^tt5ffiW2 tt, 
B»«Ecoii#*«iWJ Loo, «t^~ K*3e«»n*»-r 
SKBlCfS, Wi ^ 3 /x m^oW 2 ^4 /imi 

[0 0 4 5] rrt?> :^)Sl^lMa5GaN 

SL=500 ^m, y y ^95 9 GO^r — a*— iSftSc 9 a (D^r 
SLi = 1 0 0 M m. ^ h h^i$9 bC0^$ L2 = 
3 0 0 m, yy^«9 <Z>*fi»fi*rpj^W«Sffit21*5Jt 
5ffiWi = 2mhu y :yi*»9 0*fiS»^fijO**«5 



(6) 4$IM 2000-357842 

10 

[0 0 4 6] ±&<D£ 5 \Zffif&isM^<D%W<Dm 1 ^ 
«9*s*»8»*W^PIiH»^**t*ix<DflH*^. *S 

[0 0 4 7] CWll^S®iia-5Ga 
N**»*^— !flt»V^Tf±. y 9 

f6j(OM»i^f 9 a 1 5 ^ i: ia d v y 

70 ^^9a5*tB»fi^ln)^WiBffilwfcJt'5BWi XV 

y y^a$9o*s»ft*rpj^**a^*3*t5iiBW2 

fcfcl^ y y ^a9^#fi»fi*iRj^W«Bffi(i:*3*t6iia 

Wi £3/xmJ^T\ *{W6l!lf4«*U*:J:5lC2 /xm£ 
S5 9^*fiSS*|pJO**SlSlC*5*t6iHW2 ^4/im£( 

pffi«ffil 1 ^oai'** hffi«&Jl£< U yy^»9 

[0 0 4 8] z<n£*>{^ ^<Dmi<ommmm\^xti 

*6«pi-6ri:*SpjtB-C*>So «M-. *MML = 5 0 0 
/xm, T-^-S^9a^^Li = 1 0 0 /x nu * h 
hffii$9 b <7>g£ L2 = 3 0 0 /xm. y y£?flS9 0> 
**»*rtJOH*ffil^*3tt*«Wl =2 M m. y^ 

— iF<£>»£\ H4#J:tFH5tea*i"1E*OG a N^¥« 
fPfcfcV^-C. *figfiL = 5 00Mm, y^^SB 
1 0 9<Dmw= 3 Mmt L,fcigr&£ V hWM^^?? h 

|^)oo, K»«JE*{6m-* C 

40 fig) , Lf^oT, S^^X^^e- K<03g££fflJSiJ-r 

[0 0 4 9] Z<Dmi<vmMJ&mz£ti&. !ly 

i^8B 9 ^^SSS^rpJO^SBOx-^^-ffiia 9 a -CO 

m i ^>*lBBllB-efi, y y 9 
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ft^TK^lPl^ k*— ^t£d5ijft e//&6° XhZ>(Diztt 
IT, y y^»9^*fi»ft^[5j^iii5«Bffil-*5*t*«W 

1 ^ 2 ^ m ^ £ tbfc C (Dig 1 (D^^l^ £ 5 G 

[0050] ro^i^jfi^ffii^ttvtf. y>y 

^(B9 0*tB»**rft^P5«ffiJ-*3»t5fflWi ^ 2 M m 
tt^»t*B6Jhi-Sr. SOX. «Ht^a»** 

/C, y y^«9 0*fi»»^<7)W*ffi^i3JtS«Wi 

T«t, y ^i^«9^*tga9**rfto^*«Bi-*3*+*«w 

2 y ^S^9^*«»»JSfffi)OH«B^*5*t5«W 30 
9^#«Sgfi^r[p3^M»ffilc:i3*t5*BWi ^^<-T^>r 

[00 5 1] Z<D$5l<DM1&J&1&lZ-£ti> 

[0 0 5 2] CtO*M(0*2(0||Jfi?gfl8^-Ol>r 
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2 JfcllfflflBlr J: 6 G a N»¥«Mfr — fJF i II 

[0 0 5 3] 1^3131^-rj: 5 r0^2^^iS^ffilC 
J;5GaN^«#^fl^lt5y y5^B9f±, *tl 
«ft*fa^M«»<^-A?— ««9 a ^wsmst 

«c9 c ^^^t-^T-r^o El3t3:*5^T. La &Z.ixh<D 
* h Is— hlM^c9 c<DS££^1~o rCT\ £;ft£><7)X 
h — h«9« 9cll y > 9 co^M^^fr^Mffi 

B *t 5«*ant-wi i -r s tztbizmn «b*x£ t <o 

h^fgc 9 c La (^JiPSfix M^-tf 2 0 — 2 5 sim 

[0 0 5 4] £ (Dm 2 (D^MJ&m^ <t^GaN 

^^ft: if <0#«fi$^-+ft<0— 5 i x *«B 
fL=5 00/im, yy^ffi9 0f^-««9a(0fi 
£Li =10 0 /im, ^aSSft^fRj^tpASlSO^ h 

hI^9b^I^Lz =2 5 0 Mm. *fi*ft#fil<aW 
«S^hU-hjl«9cWftSL3 =2 5 y >;/ 

^»9^^»A*rtJ^W»ffifc**t5«Wi =2^ 

m. y y^9<o*fi^*rpjwt*»^Jt*«W2 

[0 0 5 5] CO»2 0HJ6JgffiJCj:5Ga N5fi*»ft: 

[0 0 5 6] n^JR2 0jOK«W^J:*btf, H^II 

•fe, r.^*2<DHJ6«l8^*3^-C«. yy^»9W*fi 

^c9 cfrWtrtbtiX\^%Z.b\^£V. *tRS*iPXi"5 
|^ic x y y^ffl9^*SSS*|6)^Mi»ffi^i3*tS««: 

j5fa<Dm$ftm\^tertz> y ^ 9 oiffid^wi r% ^o, 
sgfs^^twi^isn-s y y^«9oBM2 -e 

[0 0 5 7] «±> :W^*Wi:o^t^ 

, [0.0 5 8] «x.ff v ±^mi^J:U : ^2(7)^^ffi 
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[0 0 5 9] AfleWKfit, Jtm<D9Sl&£Xf9g2<D9m 

[0060] ±&a>ni&±xfim2<Dmusmte\z 

*3V>T, y>^»9^*«8»*rt©W«Mo-tn-Pix 

2/ 9 Or- ffi*|S 9 a tiu *M^S^f^]0**gl5 

Wo^h^hi«9b^fn2 $ro<hux. y 

* ^« 9 **«»«^«I<©W«»^^—^-«* 9 a O 

[0 0 6 1] Sfc, JiJfi«>J(Si*3J:tfJB2(DjaBg»c 
3o^Tfl. y y^»9 0W«dteaat>a*ix5«flE**JI 

«S^tt»i:tttts :ttOT:t)AlGaN, Ga I 

n N, G a NttJ?*>SMfc4«R I I I - VlWbMMM* 30 

ft, S i NJfeif^Simfr. Z n Stei?<D I I -V I SHfc 

[0 0 6 2] ±JC©JSiisi:t«|S2©«»*»i 

[0 0 6 3] ^fc, ±3ficoJBi^J:t/«2 0lllfiJgfflJw 
r.*tttt, *7TWr*Sl2:ftAT^fcr*/i^HR, sic 

Sffi, ZnOSS, G a PS*E*if SrffiV^T t J:^U 

SMWTcttO £ o Wdtofc i i i - viwt*4fc¥»*Wi 

o^^SolS, G a NSfi(Dj: 5 *»M** III- 

[0 0 6 4] *fc, ±34oJ|Sl*3J;tfJB2«)SI»BWc 
iol^TUx w<7)^0^^rDH^3g (Double Heterostructu 
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re) OG a N*t«#!/-f fclffl tfc^ov^B 
Wlstitf. r<7}3§WiS CHSit (Separate Confineme 
nt Heterostructure) <OG a NS^ifrl/- if^ig^f 

[0 0 6 5] 

*«»ft*[p30**|a5^*3JtS«S3ctt5y 2/^»^*IR 

d5T?#-5^T% 12i!)SIE£><£«, «t^~K^^t, it 

[Hll] :«^Sl^»|ia6GaN^ : 

[B2] Z<D&W<Dmi<Dmmte&\Z£ZG a 

[E9 3] rW^^l2(Z)|St»ffi^J:6G a N^^ 

[B4] tfcfccOG a N^^ftU-^^H-Cfc 

So 

[135] KOG a N^*»frU—iP05Fffiia"C-*> 

ime ] G a NaSWfrU— FfcjStf-S***— K*> 

[El 7] G a N*^flc^-1?{C*5Jt5*fi»fl8ffiO 

[08] GaN**»#:u-#^i3ltS*«»«ffi<0 
[0 9] G a N5R*W*^-1f l-*5lt5*fi»«ffiO 

1 • • • f7 7^TSfi, 2 • • • G a N/<y77l^ 
3 • • • nWlG a N bS. 4 • • • niA 1 G 

a 9 y KJ§, 5 • • -Gain NBttJi* 6 • • • 
pHA 1 Ga N*^ y^B, 7 • • • p §1 A 1 G a 
9 5> 8 • • • plG a N = >"** Ms 9 • • • 

y y^flk 9 a • • ■ X— Mfc 9 b, 9c*-* 
^ h hffi^c> 10- • • S i O2 «SE$fe*Jl. 1 1 
• • • pMWfe. 12--- niRijm^ 
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